content. The injection of histamine causes contraction of smooth muscle and it is tempting to suggest that these cells may be concerned with intestinal motility.
In this paper I have attempted to give an account of the microscopic structure of the normal small intestine together with some remarks on how these appearances may be affected by disease. The large gaps in our knowledge are partly due to the relative inaccessibility of the small intestine to clinical investigation and partly to the fact that pathologists have in the past only had postmortem material available for study. This is notorious for giving erroneous histological impressions as autolysis of the mucosa occurs very rapidly after death. However, the increasing amount of surgical material available together with the introduction of small intestinal biopsy leads one to hope that the large gaps in our knowledge of small intestinal pathology may be narrowed in future years. 214 peroral small intestinal biopsies were obtained from 193 patients during the past three years and the method employed (Shiner, 1956) has proved safe and reliable. The tube 'In receipt of a grant from the Medical Research Council. devised for this purpose (Fig. 1) is a modification of Wood's gastric biopsy tube (Wood et al., 1949) and operates on a similar principle, whereby a knuckle of mucosa is sucked into the aperture at the head-end of the instrument to be cut off by a cylindrical knife within the headpiece which is operated at the tail-end of the instrument. Progress of the headpiece is followed fluoroscopically and biopsy specimens are taken either from the duodenum or upper 12 inches (30 cm.) of jejunum. A recent modification of the headpiece (Fig. 2 ) by shortening the vertical and horizontal dimensions, together with a longer and more flexible tube, will enable us to biopsy more distal parts of the small intestine. The method thus described can be used as an out-patient procedure, and takes from half to three hours to accomplish. No special preparation of the patient is necessary other than fasting for at least three hours prior to intubation. In special gastroenterological clinics it may be used routinely. Complications so far encountered consisted of melxna of only moderate amount, not requiring blood transfusion, in 3 of the 193 patients biopsied.
Several mucosal specimens are obtained from the small intestine and gastric mucosa can be biopsied at the same time. These specimens vary from 3-10 mm. in length and include full thickness mucosa, muscularis mucosi and usually a small amount of submucosa. Jejunal juice collecting inside the tube may be sampled for pancreatic enzyme estimation. THE NORMAL MUCOSA ( Fig. 3 ) The mucosal specimens of the duodenum and upper jejunum were studied in 44 patients without obvious disease of the small intestine, as judged by barium meal and follow through, as well as by biochemical tests (Doniach and Shiner, 1957; Shiner and Doniach, 1958) . These show on the whole long, narrow villi, though variation in height and width of the individual villus, branching, joining and occasional clubbing are not unusual features. The covering cells of the villi are tall columnar cells with basal nuclei arranged in rather regular fashion. Villous height is roughly two-and-a-half times that of the total mucosal thickness. The rest of the mucosa contains the crypts and glands of Lieberkiihn, whose cells show active mitosis and are thought to be the precursors of villous cells. Lymphocytes, plasma cells and a few eosinophils are seen in variable amounts in the villous and interglandular stroma.
MUCOSAL ABNORMALITIES
Interest in the small intestinal mucosa in steatorrhaea was first aroused by Paulley (1954) when he demonstrated mucosal atrophy in 4 patients in whom laparotomy specimens of the small intestine were obtained. 65 patients with steatorrhoea were studied by Shiner and Doniach (1958) and placed into various clinical groups; 10 more have been added since (Table I ). The decision as to which type of steatorrhoea the patient belonged to was made on strict clinical, biochemical, radiological and himatological grounds and those cases in whom doubt existed were placed into the 2 villous atrophy in which the villi were short and clubbed with a reduction in villous cell height and irregularity of cell nuclei. The mucosal thickness, comprising the glandular layer, however, was increased due to an actual hyperplasia of the glands of Lieberkuihn. The ratio between villous height and mucosal thickness was found to be reversed, the average villous height being less than the mucosal thickness. No marked excess of inflammatory cells were observed. Fig. 5 demonstrates the other abnormality we have called subtotal villous atrophy. The villi are extremely short and flat or non-existent. Again there is irregularity of villous cell height and cell nuclei, increase in mucosal thickness and glandular hyperplasia.
Of the 23 patients with idiopathic steatorrhcea, 21 showed subtotal villous atrophy and the remaining 2 partial villous atrophy. Only 2 patients outside the idiopathic group, but excluding the unclassified group, had subtotal villous atrophy. One of these belonged to the postgastrectomy group, the other to the tropical sprue group. Partial villous atrophy, apart from the 2 patients with idiopathic steatorrhoea, was observed in one case with postgastrectomy steatorrheea, 2 cases of tropical sprue, 1 case of tuberculous enteritis, 1 case diagnosed as a "loop syndrome", and 1 case of malnutrition and steatorrhoea. All these 6 patients in whom the diagnosis was not idiopathic steatorrhoea had macrocytic anemia at the time of biopsy. In 5 of these, repeat biopsies were carried out after treatment and showed villous regeneration. The preparation used in all cases was folic acid. By contrast, repeat biopsies in the idiopathic group after treatment with folic acid, vitamin B12, gluten-free diet, antibiotics or steroids, either singly or combined, failed to show any histological improvement.
Sakula and Shiner (1957) reported the only case of coeliac disease subjected to small intestinal biopsy. The mucosa showed subtotal villous atrophy, not improved by five weeks' treatment with gluten-free diet as shown by repeat biopsy. Eighteen months later, however, repeat biopsy showed possible improvement.
Normal mucosal biopsies were obtained from all of 9 patients with pancreatic steatorrheea, and all of 7 patients with jejuno-ileitis accompanied by steatorrheea. Only 2 of the 15 patients with postgastrectomy steatorrheea showed an abnormal mucosa. In the remaining 13 normal mucosal pattern was seen. In the 2 cases of suspected Whipple's disease, or intestinal lypodystrophy ( Fig. 5 ), small intestinal biopsy showed mucosal infiltration with macrophages giving the classical staining reaction to periodic acid Schiff.
DIAGNOSTIC APPLICATION OF SMALL INTESTINAL
BioPsY The clinical diagnosis of idiopathic steatorrhcea is arrived at by a process of exclusion. The term simply means that no cause for the steatorrhaea has been found. It has often been argued whether idiopathic steatorrheea constitutes a clinical entity at all or whether it embraces a multitude of conditions under the same name. In this term we include those adults in whom we obtain a clear history of cmliac disease in childhood as well as those in whom the onset of steatorrhaea and other clinical symptoms does not occur until an advanced age. The distinction between idiopathic and pancreatic steatorrheea is not always clear on clinical grounds and pancreatic function tests are notoriously difficult to interpret. Diverticuli of the small intestine giving rise to steatorrhoea may be missed on X-ray of the small bowel and the differential diagnosis between idiopathic steatorrhoea and regional ileitis or jejunitis may likewise present difficulties. It is not impossible that partial gastrectomy could trigger off symptoms in a patient with "latent" idiopathic steatorrhcea and indeed some evidence to this effect was demonstrated (by Dr. D. L. Mollin) by malabsorption of vitamin B12 with and without addition of intrinsic factor in our postgastrectomy patient in whom subtotal villous atrophy was seen on first and several repeat biopsies.
The 23 patients clinically placed into the idiopathic steatorrhoea group represent perhaps the most homogeneous group of idiopathics one could hope for, the doubtful cases being regarded as unclassifiable. This group was used as a basis for histopathological studies. It is therefore not surprising that villous atrophy was uniformly found. This picture of villous atrophy and glandular hyperplasia is non-specific, pathologically speaking and may well represent an end-result of an unknown primary process. It is, however, confined to the steatorrhcea group, as judged by present experience of biopsies taken in various diseases affecting the small bowel, and more specifically to a certain group of steatorrhoea which we have called idiopathic. A further distinguishing feature is its irreversibility after treatment. It is too early to state dogmatically that villous atrophy will be found in all patients in whom no obvious cause for their steatorrhcea can be found, even after most careful search which might include diagnostic laparotomy.
Because a clinical basis of classification of the idiopathic steatorrhoea is too uncertain, and this includes, at the present state of our knowledge, a classification according to response to gluten-free diet, I should like to suggest a classification of steatorrhoea based on pathological grounds (Table II) . Such a classification, though incom- plete, would have its greatest usefulness in the diagnosis of that group of steatorrhoea hitherto loosely put together under the label "idiopathic".
The finding of a characteristic mucosal appearance in the 2 cases of Whipple's disease suggests another diagnostic application of peroral mucosal biopsy. This has been confirmed by other workers in America, using the same technique. The patient would not only be spared a diagnostic laparotomy, but would also be given the chance of early treatment with steroids which, according to some authors (Wang et al., 1956) , are more effective in the early stages of the disease.
RESEARCH POSSIBILSrrS OF SMALL INTESTINAL
BioPsY Equally interesting are the possibilities for research into the small intestinal function. The influence of folic acid on villous cell regeneration, as observed in some of the cases with macrocytic anaemia described, deserves further investigation. We have noted that villous atrophy is associated with an actual hyperplasia of the glands of Lieberkiihn. It is known that the gland cells, by continuous division, are responsible for villous cell formation. Mitosis, a conspicuous feature of the gland cells, is absent in the villous cells. The turnover of cells at the glandular level is one of the most rapid in the body and comparable to that found in the hemopoietic cells of the bone-marrow. Repeat biopsies three to four weeks after commencement of folic acid therapy in those patients with previous partial villous atrophy and macrocytosis showed increased mitosis in the gland cells coincident with villous regeneration. This suggests a deficiency state of folic acid, local or general, at the glandular cell level where folic acid is required for nucleosynthesis. Further support of this theory is found in the villous atrophy observed by Vitale et al. (1954) in rats, following the administration of Aminopterin (4-amino-pteroyl-(L) + glutamic acid).
Small intestinal mucosal biopsy should be carried out in patients receiving Aminopterin in myeloid leukiemia and also on patients developing folic acid deficiency following anti-convulsive drug therapy (Hawkins and Meynell, 1958) .
The anemias of tropical sprue, pregnancy and malnutrition associated with macrocytosis and folic acid deficiency should likewise be investigated by intestinal biopsy before and after treatment with folic acid.
Despite the outward similarities of the villous atrophy and glandular hyperplasia in idiopathic steatorrhoea to that observed in the secondary steatorrhoeas with macrocytosis as described, except for one of degree, we find the mucosa in the former insensitive to folic acid. This occurs in spite of the findings by Chanarin et al. (1958) that malabsorption of folic acid occurs in idiopathic steatorrhoea. It is possible that the difference lies in the advanced stage of villous atrophy as found predominantly in this group or, perhaps more likely, in the lack of an additional factor, as yet unknown, which is necessary to bring about normal villous cell formation. In this connexion it may be recalled that the elimination of gluten from the diet of idiopathic steatorrhoea patients, although accompanied by considerable clinical, hlmatological and biochemical improvement, fails to alter the histological picture. Much interest lies in the mucosal pattern in coeliac disease; our case showed mucosal atrophy. It is possible that here the histopathological changes in the early cases could be reversed by gluten-free diet which is so uniformly effective clinically. Although definite proof was lacking in our case after five weeks of this diet we were satisfied that gluten-free diet had produced minor changes in the appearances of the small intestinal mucosa after eighteen months.
Finally it seems worth while to discuss certain "negative" but none the less important observations which have emerged from this biopsy study. Much has been said and written on the subject of duodenitis in connexion with duodenal ulcers, pancreatic or cholecystic disease and of jejunitis, particularly in connexion with regional enteritis. In our studies (Doniach and Shiner, 1957; Shiner and Doniach, 1958) we have been unable to recognize any specific disease entity in which mucosal infiltration has been the 14.
Proceedings of the Royal Society of Medicine prominent feature. This is in contrast to gastric mucosa where inflammatory cell infiltration is at least a well-defined pathological feature. Further comparison between biopsy specimens obtained from the stomach and small intestine of any one patient has confirmed the impression that these two types of mucoswe are, pathologically speaking, differently affected by the same disease. For example, atrophy of the gastric mucosa in pernicious anemia was associated with normal small intestinal mucosa in all of 8 patients investigated.
6 patients with idiopathic steatorrhoea, in whom partial or subtotal villous atrophy was shown on small intestinal biopsy, were found to have, with one exception, normal gastric mucosal biopsies. It is well recognized that detailed study of autopsy material of the small intestinal mucosa is impractical owing to rapid setting in autolysis and that laparotomy specimens of this tissue are too rarely obtained to be of use for research purposes. With the peroral biopsy technique we can obtain, for the first time, adequate mucosal tissue suitable for detailed histological, histochemical and electron-microscopical studies. Another interesting new field for research could be found in autoradiographic studies of the mucosal specimens following radioactive labelling of fats or folic acid. In this way it is hoped to achieve new understanding of the function of the small intestine as well as its behaviour in disease.
SUMMARY
The technique of obtaining peroral small intestinal mucosal biopsies is discussed. The appearance of the normal mucosa is compared with the pathological findings of villous atrophy, partial or subtotal, found in various types of steatorrheea only. The diagnostic and research applications of the method are outlined. Certain "negative" but important findings are described.
Acknowledgments.-Most of the histopathological studies mentioned in this paper were carried out by Dr A clinician referring a patient for radiological investigation of the small bowel should have definite possibilities in mind and should communicate these to the radiologist before he commences the examination, otherwise much small bowel pathology is missed. Close clinical and radiological collaboration is infinitely better than a spate of requests for "routine barium meal and follow-through, please". Detailed small bowel examination is time-consuming, wearisome and expensive. Fragmentary examination may miss the crucial point very easily.
Patients with small bowel disorders commonly present for radiological examination on account of abdominal pain or discomfort, obstructive symptoms (vomiting, &c.) or diarrhoea. Less often they are referred on account of frank or occult melwna, anlemia secondary to this or to a deficiency state, or an abdominal mass, or for some complication of the primary condition (as for example pneumaturia due to vesical fistula). I shall describe a series of cases related to prime symptoms in which radiological investigations may play an important part in the diagnosis. CASES WITH ABDOMINAL PAIN AS THE IMPORTANT PRESENTING SYMPTON Case L-A young man of 26 returning home late at night rode his motor-cycle into a brick left on the road. He was thrown forward on to his handle bars, striking his lower abdomen. He was admitted to hospital with multiple abrasions and complaining of lower abdominal pain. Close examination did not at first suggest any intra-abdominal lesion and it was twenty hours later that he was radiographed.
